Dihadron correlations are measured in d+Au collisions at 200 GeV by the STAR detector. The correlated yields with uniform background subtraction are studied in high-and low-multiplicity collisions. The effects of multiplicity selection bias on jet-like correlations are discussed. Finite correlated yields are observed on the near-side at large pseudo-rapidity separation in highmultiplicity collisions.
Introduction
Long-range pseudo-rapidity separation (∆η) correlations at small azimuthal difference (∆φ), called the ridge, have been observed in high-multiplicity p+p and p+Pb collisions at the LHC [1, 2, 3, 4] . A subtraction of the dihadron correlation in low-multiplicity p+Pb collisions from high-multiplicity ones reveals a back-to-back double-ridge structure (at ∆φ ≈ 0 and π) [3, 4] . A similar double-ridge is also observed by PHENIX in d+Au collisions using the same subtraction method [5] . Differences between multiplicity-selected d+Au collisions (and p+p collisions) have been observed before by STAR [6] . Recent ALICE results show a mass ordering of the proton and pion elliptic anisotropy parameters, v 2 , characterizing the double-ridge correlations in p+Pb collisions [7] . A similar mass ordering is observed by PHENIX in d+Au collisions [8] . The hydrodynamic models, where collective flow develops in p/d+A collisions [9, 10, 11] , and the Color Glass Condensate model, where two-gluon production is enhanced, provide two possible explanations to the ridge in small systems [12] . Measurements from the large acceptance STAR detector should shed light on the long-range correlation in d+Au collisions at RHIC.
Event and track selections
The data used in this analysis are composed of 4 million d+Au events at nucleon-nucleon center-of-mass energy of √ s NN = 200 GeV, collected by the STAR detector in 2003. Three main detectors used in this analysis are the Time Projection Chamber (TPC), the Forward Time Projection Chamber (FTPC), and the Zero Degree Calorimeter (ZDC). The minimum bias events were triggered by the ZDC in the Au beam direction (ZDC-Au). The events are required to have the reconstructed primary vertex within 50 cm of the TPC center along the beam direction. The charged tracks reconstructed in the TPC and FTPC are required to satisfy the following conditions: the distance of the closest approach to the primary vertex less than 3 cm to remove secondary tracks from particle decays; the number of fit 1 A list of members of the STAR Collaboration and acknowledgements can be found at the end of this issue. points greater than 25 (5) in the TPC (FTPC) for good track reconstruction, and larger than 0.51 times the maximum number of possible fit points to avoid split tracks. The track pseudo-rapidity cuts are |η| < 1 (2.8 < |η| < 3.8) in the TPC (FTPC) [13] .
Data analysis
Two sets of dihadron correlations are analyzed in this study: TPC-TPC correlations with both the trigger and associated particles from the TPC (−2 < ∆η < 2), and TPC-FTPC correlations with the trigger particle from the TPC and the associated particle from the FTPC (2 < |∆η| < 4.5). Both trigger and associated particles have transverse momentum 1 < p T < 3 GeV/c. The ∆η-∆φ dihadron correlation (∆η = η assoc − η trig and ∆φ = φ assoc − φ trig ) is given by
Here
d∆ηd∆φ is the raw dihadron correlation for pairs in the same event; and B =
d∆ηd∆φ is for trigger and associated particles from different (mixed) events. The mixed event background serves as the correction for the detector two-particle acceptance; B is the average B at fixed ∆η| 100% , where the two-particle acceptance is 100%; |∆η| 100% = 0 (3.3) for TPC-TPC (TPC-FTPC) correlations. The mixed events are required to have primary vertices within 1 cm of each other in the beam direction to resemble similar acceptance, and have similar event characteristics.
The yields are corrected for the associated particle tracking efficiencies, assoc = 85% for TPC tracks and 70% for FTPC tracks. The underlying event background is further subtracted by ∆η-dependent Zero-Yield-At-Minimum (ZYAM) method [14] .
The systematic uncertainties are estimated by varying the width of the ZYAM normalization ∆η range from 0.4 to 0.2 and 0.6 radian. An additional 5% tracking systematic uncertainty is applied.
Multiplicity selection bias
High multiplicity is required for event selection in order to observed the ridge. In this analysis, we use the raw charged particle multiplicity in −3.8 < η < −2.8 measured by the Au direction FTPC (FTPC-Au) for event selection, similar to the η range used by PHENIX. We also use the neutral particle energy deposited in ZDC-Au. The correlation between the FTPC-Au multiplicity and the ZDC-Au neutral energy is positive but broad, thus these two measurements select significantly different event samples. In this contribution, the FTPC multiplicity selection is used for the TPC-TPC correlations, while ZDC energy selection for the TPC-FTPC correlations. Fig . 1 shows the TPC-TPC ∆φ correlations at three |∆η| ranges for high (0-20%) and low (40-100%) FTPCAu multiplicity collisions. The near-side correlated yield in high-multiplicity collisions is larger than that in lowmultiplicity ones. At large |∆η|, the high-multiplicity data have an excess correlated yield on the near-side (|∆φ| ≈ 0) over low-multiplicity data, as shown in Fig. 1 (c) . This will be discussed in the next section.
2 Fig . 2 shows the TPC-TPC ∆η correlations in low-and high-multiplicity events. The correlations are larger in high-than low-multiplicity collisions.
Dihadron correlations in d+Au collisions are dominated by jet-like correlations. To characterize jet-like correlations, the near-side correlations are fit with a Gaussian+constant pedestal. The fit results are shown in Fig. 2 . The ratio of the high-and low-multiplicity Gaussian areas is found to be α = 1.29 ± 0.05. This would represent the ratio of the jet-like correlated yields if the Gaussians represent jets (and the pedestals represent non-jet contributions). The non-unity α parameter suggests an event selection bias on the jet population. The high-multiplicity events appear to select jets with larger yield and wider ∆η distribution.
Since the away-side jet spreads over a wide ∆η, it cannot be isolated. Because of momentum conservation, the away-side correlated yield likely scales with the near-side yield. The open circles in Fig. 3 represent the difference between high-and low-multiplicity events, with the latter first multiplied by the α parameter from the fit. This scaling would be a first order correction to the multiplicity selection bias on jet-like correlations, such that the away-side jet contributions would be subtracted. Indeed, the away-side yields are approximately zero for all |∆η| ranges shown in Fig. 3 . This suggests that the difference in the away-side long-range correlations between high-and low-multiplicity events is mostly from jet-like correlations. The solid dots in Fig. 3 show the simple difference between high-and low-multiplicity data, as done by PHENIX [5] . The peak magnitudes on the near-side and away-side turn out to be similar, resembling a double-ridge. As the large acceptance STAR data show, the resulting double-ridge structure may well be due to residual jet correlations which remain after the simple subtraction of the low-from the high-multiplicity correlation distributions.
From the different yields and widths shown in Fig. 2 for the near-side ∆η dihadron correlations, we conclude that the jet population is affected by the multiplicity selection of the low-and high-multiplicity event classes. Using lowmultiplicity data to subtract the jet contributions from the high multiplicity event dihadron correlations is thus only a 3 rough approximation to the desired correction. The interpretation of the double-ridge structure resulting from such a subtraction in d+Au collisions at RHIC should be taken with caution. As seen in Fig. 1 (c) , the TPC-TPC correlation shows a near-side peak at |∆η| ≈ 1.5 in high-multiplicity collisions. To extend the study to even larger ∆η, Fig. 4 shows the TPC-FTPC ∆φ correlations for associated particles in the Au and deuteron beam directions. Here the ZDC-Au energy is used for event selection to avoid self-correlations. There is a near-side long-range correlation in FTPC-Au at ∆η ≈ −3 in high-multiplicity but not in low-multiplicity collisions. On the other hand, the TPC-FTPC correlations in the deuteron beam direction show no near-side peak. The physics origin of the observed near-side ridge at large ∆η in the Au beam direction is under investigation.
Conclusions
Dihadron ∆η-∆φ correlations in d+Au collisions at √ s NN = 200 GeV are presented. The multiplicity selection of events affects or biases the jet correlations. Simple subtraction of low-multiplicity data as a technique to remove jet contributions in high-multiplicity events at RHIC is problematic. A finite near-side correlated yield above a uniform background is observed at |∆η| ≈ 1.5 and ∆η ≈ −3 (in Au beam direction).
